The aim of this study was to investigate the effect of time-of-day on oxidative stress, cardiovascular parameters, muscle damage parameters, and hormonal responses following the level-1 Yo-Yo intermittent recovery test (YYIRT). A total of 11 healthy subjects performed an intermittent test (YYIRT) at two times-of-day (i.e., 07:00 h and 17:00 h), with a recovery period of ≥36 h in-between, in a randomized order. Blood samples were taken at the rest (baseline) and immediately (post-YYIRT) after the YYIRT for measuring oxidative stress, biochemical markers, and hormonal response. Data were statistically analyzed using one-way and two-way repeated measures ANOVA and Bonferroni test at p < 0.05. Observed power (α = 0.05) and partial eta-squared were used. Our results showed that oxygen uptake (VO 2max ), maximal aerobic speed, and the total distance covered tended to be higher in the evening (17:00 h). There was also a main effect of time-of-day for cortisol and testosterone concentration, which were higher after the YYIRT in the morning (p < 0.05). The heart rate peak and the rating of perceived exertion scales were lower in the morning (p < 0.05). However, the plasma glucose (p < 0.01), malondialdehyde, creatine kinase (p < 0.01), lactate dehydrogenase (p < 0.05), high-density lipoprotein (p < 0.01), total cholesterol (p < 0.01), and triglycerides (p < 0.05) were higher after the YYIRT in the evening. Low-density lipoprotein, systolic blood pressure, diastolic blood pressure, and lactate levels (p > 0.05) were similar for the morning and evening test. In conclusion, our findings suggest that aerobic performance presents diurnal variation with great result observed in the evening accompanied by an improvement of hormonal, metabolic, and oxidative responses. These data may help to guide athletes and coaches and contribute to public health recommendations on exercise and muscle damage particularly in the competitive periods.
Introduction
It is well established that both strenuous long-term and short-term anaerobic (repeated sprint test: 4 × 15 s, with 1-min rest intervals) exercises were reported to enhance the generation of reactive oxygen species (ROS) by cells, which may lead to oxidative stress and cellular damage (26) . These ROS are considered as potent oxidative stress indicators in biological systems (14, 37) . Coaches and physical trainers impose high-intensity training to evaluate and to improve players' performances particularly during the competitive period. The level-1 Yo-Yo intermittent recovery test (YYIRT) is the most common physical test used to evaluate the ability to perform high-intensity intermittent exercise. In fact, the physiological measurements showed that aerobic energy turnover reached maximal values and that the anaerobic energy system was greatly taxed at the end of the test. Indeed, the YYIRT leads to alterations in stress caused by free radical production (22, 32) . Hence, elite athletes are more vulnerable to physical performance alteration than sedentary persons, it is also reflected by physiological responses due to stress caused by free radical production (22, 32) .
On the other hand, considerable attention has been paid to chronobiological aspects of the antioxidant system (20) during exercise particularly the YYIRT (22) . In addition, several studies have shown that aerobic performances are time-of-day dependent (15, 31) , with higher values at the end of the evening around the time of peak of the circadian rhythm of body temperature (13, 15) . Hammouda et al. (23) have concluded that the circadian rhythm of core temperature is not the only cause of diurnal variation of performance. In this context, Hammouda et al. (18) showed that biological markers of muscle damage and antioxidant status were time-of-day dependent with higher values observed in the evening during shortterm maximal exercise in young trained subjects. Thus, many biochemical, physiological, hormonal, and immune parameters are affected by circadian rhythms (1, 12, 20) .
As a result, the diurnal variation of biological responses may perturb the interpretation of the diurnal variation of the performance observed following the YYIRT (18) , although the exact mechanisms to explain these changes have not been delineated.
Numerous studies have proposed to explain the alterations of performance following intermittent exercise (YYIRT) not only by the relationship between the increase in muscle damage and oxidative stress but also by altered hormonal response (15, 31) .
Furthermore, only Nogueira et al. (31) have reported the relationship between hormonal profiles and muscle damage in response to YYIRT. However, this study did not take the diurnal variation of oxidative stress into consideration in relation with hormonal parameters. There is also limited research connecting circadian variations in hormone levels with intermittent exercise.
Thus, muscle damage, oxidative stress, and hormonal response may occur following the YYIRT. In addition, the evaluation of oxidative stress by markers of protein and lipid oxidation (19) and the hormonal response may be useful to better assess and quantify muscle stress following the YYIRT particularly for coaches and athletes. Thus, it seems logical to evaluate the diurnal variation of both metabolic and hormonal responses during the YYIRT.
To the best of our knowledge, no study has investigated the diurnal variation effect on plasma levels of biomarkers of muscle damage and stress oxidative, and hormonal responses during intermittent exercise (YYIRT). Thus, coaches would consider the effect of metabolic and oxidative alterations on the period just before and during the competition. Therefore, in this work, we are committed to checking the effect of time-of-day on the selected blood marker of oxidative stress [malondialdehyde (MDA)], biochemical markers, muscle damage markers [i.e., lactate, lactate dehydrogenase (LDH), and creatine kinase (CK)], lipid profile [i.e., high-density lipoprotein (HDL), total cholesterol (TC), triglycerides (TG), and lowdensity lipoprotein (LDL)], and glucose (GLC), cardiovascular parameters [i.e., systolic blood pressure (SBP) and diastolic blood pressure (DBP)] and hormonal parameters [cortisol and testosterone (TE)] following the YYIRT.
We hypothesized, therefore, that the evening is the best time to perform intermittent exercise, which is associated with a clear variation of cardiovascular, hormonal, and oxidative responses as well as biochemical responses. Moreover, hormonal responses are related to muscle damage to explain the diurnal variation of the performance after the YYIRT. ] volunteered to participate in this study. After receiving a thorough explanation of the protocol, they gave written consent to participate in this study. This study protocol was in accordance with the Declaration of Helsinki for human experimentation and was approved by the University Ethics Committee. The participants were also selected based on their chronotype and on the basis of their answers to Horne and Ostberg (25) self-assessment questionnaire. They had an intermediate chronotype (i.e., sleep duration between 23:00 ± 1:00 h and 07:00 ± 1:00 h) and kept standard times for eating prior to the beginning of this study (breakfast at 07:00 ± 1:00 h, lunch at 12:00 ± 1:00 h, and dinner at 20:00 ± 1:00 h) (2) . Subjects were non-smokers and did not consume nutritional supplements, caffeine, drugs, or alcoholic beverages. In addition, subjects suffering from diabetes mellitus, obesity, cardiovascular, pulmonary, or renal disorders were excluded from this study. Subjects were exercising for at least 4 days a week for an average of 2 h per day. Throughout the experimental period, participants were required to maintain their habitual physical activity and to avoid strenuous physical efforts 24 h before each test session.
Materials and Methods

Participants
Study design
The experimental procedure is illustrated in Fig. 1 . Subjects performed YYIRT at two times-of-day (i.e., 07:00 h and 17:00 h) with a recovery period of ≥36 h in-between. At these Fig. 1 • : blood sample two time points, the YYIRT started with a measure of oral temperature, and the temperature was recorded using a digital clinical thermometer (Omron, Paris, France; accuracy ±0.1°C) inserted sublingually for at least 3 min after a 15-min rest in a seated position. To ensure a reliable measure of temperature, subjects were instructed not to talk or drink during measurement. The weight and body composition of subjects were then recorded using bioelectrical impedance scale to the nearest 0.1 kg (Tanita, Tokyo, Japan) calibrated in accordance with the manufacturer's guidelines by one trained technician. The BMI (kg/m 2 ) was then calculated. Following this, duplicate measurements were taken with participants standing and wearing only briefs, as recommended by the guidelines. The average of these two measurements was used for the final analysis. The heart rate (HR) and blood pressure were monitored using Automatic Blood Pressure (BP W90, Microlife, Paris, France).
The YYIRT was performed at air temperature between 27 and 28°C and with 53%-56% relative humidity.
Exercise protocol The YYIRT. In brief, it consists of repeated 20-m runs at a progressively increased speed controlled by audio bleeps from a CD player in a surface with no abstractions. Each running bout is interspersed by a 10-s active recovery period where the subject jogs around a marker placed 5 m behind the starting line (6) . The test is stopped if the subject decides that he cannot follow the rhythm imposed or twice fails to reach the finishing line in time. The performance measured in this test is the total distance (TD). Participants are strongly encouraged verbally throughout the test. All subjects carried out a warm-up period consisting of the first four running bouts in the test (19) . The participants perform the test in the same condition (i.e., comfortable sports shoes and appropriate sports clothing). Rating of perceived exertion (RPE). Before performing exercise testing, the RPE (7) scales were explained to each participant by trained practitioners (Table I) . Thereby, during exercise testing, overall perception of muscle fatigue (RPE) and physical stress was assessed. RPE is considered as a valid method to quantify training in response to high-intensity, intermittent exercise (34) .
Data analyses
Blood samples were taken from the antecubital vein, sitting, before (baseline) and 3 min after (post-YYIRT) completing the YYIRT. The test venous blood samples were drawn into heparinized and ethylenediaminetetraacetic acid test tubes (4 ml). The venous blood was centrifuged (for 20 min at 3,000 rpm at a room temperature) to separate erythrocytes from plasma and were frozen and stored at −80°C until analysis. The determination of muscle damage markers was performed by the diagnostic reagent (CK-NAC FS) CQN code: L1 in serum (DiaSys Diagnostic Systems Gmbh, Holzheim, Germany) for the CK levels. The method used is that described by the IFCC (International Federation of Clinical Chemistry): UV (ultra-violet) method. Sensitivity is 1 UL/l. The concentrations of LDH were determined by the kinetic method of the French Society of Clinical Biology (SFBC) (Biomaghreb, Loos, France). The coefficient of variation is 5%. In regard to the enzymatic GLC assay, it is carried out using a photometric enzyme assay in the presence of the enzymes such as glucose oxidase and peroxidase (GOD -PAP) (GLUCOSE; GOD-PAP, Biomagreb). The concentrations of HDL-cholesterol and LDL-cholesterol were determined by a colorimetric enzymatic assay: direct test in homogeneous phase (liquicolor) (Kit; HUMAN, Ref: 10084: Gesellschaft für Biochemica und Diagnostica mbH, Wiesbaden, Germany). Sensitivity is 1.1 mg/dl and the coefficient of variation is 1.25%. TC assay was determined by the enzymatic method (CHOD -PAP) (CHOLESTEROL; GHOD-PAP, Biomagreb) using the same protocol with sample incubation at 37°C for 5 min. The concentrations of TG were determined by the enzymatic method (GPO -PAP) (CHOLESTEROL; GPO-PAP, Biomagreb). The lactate concentration (LACT2-Lactate Gen.2; Roche Diagnostics GmbH, Indianapolis, IN, USA) was determined using an enzymatic/colorimetric method (Roche COBAS, Roche, Basel, Switzerland). The limit detection is 0.2 mmol/l (1.8 mg/dl).
Hormonal responses
Cortisol and TE concentrations were analyzed by enzyme-linked fluorescent assay (VIDAS, BioMerieux, Lyon, France).
MDA-thiobarbituric acid reactive substances (TBARS)
The estimation of MDA was determined using a spectrophotometric method based on the reaction between MDA and thiobarbituric acid (TBA). In brief, 200 μl of plasma was added to 200 μl of 30% (w/v) trichloroacetic acid (TCA) and the mixture was then centrifuged at 3,500 rpm for 10 min. 200 μl of the supernatant was added to 800 μl of 0.4% (w/v) TBA and the mixture was incubated in a shaking water bath at 90°C for 10 min and then placed directly into ice water. The concentration of MDA (determined at 532 nm) was expressed in micromole per liter of plasma using a molar extinction coefficient of 1.56 × 105 M −1 cm −1 . Statistical analysis All analyses were performed using STATISTICA Software (StatSoft, Paris, France). Data were reported as mean ± SD. Parametric tests were performed once the assumption of normality was confirmed using the Shapiro-Wilk W test. One-way analysis of variance (ANOVA) was used to compare the morning-evening differences between the anthropometric parameters, YYIRT parameters data (i.e., VO 2max , TD covered during the YYIRT, HR peak, and the RPE scales), and the oral temperature (°C). Cardiovascular parameters (i.e., SBP and DBP), biochemical markers, muscle damage markers (i.e., LDH and CK), lipid profile (i.e., HDL, TC, TG, LDL, and GLC), oxidative stress marker (MDA), and hormonal response (i.e., cortisol and TE) data were analyzed using a two-way repeated measures ANOVA [2 (time-of-day) × 2 (points of measurement)]. The Bonferroni post hoc test was performed whenever significant effects or a significant interaction was found using ANOVA. To assess the data practical significance, effect sizes were calculated as partial eta-squared (η 2 p ). The most important observation is that observed power varies widely as a function of random sampling error in the observed effect sizes. Note also that the observed power at the extremes clearly distinguishes between 42% and 90%. All of this led to conclude that the study has sufficient power to detect any significant effect even with a sample size of 11. Statistical significance was set at p < 0.05.
Results
YYIRT performance, temperature, HR peak, and RPE scales
The mean values for TD, VO 2max , maximal aerobic speed (MAS), RPE scales, and HR peak following the YYIRT in the morning and evening are displayed in Table II and the temperature (°C) measurement is presented in Fig. 2 . The ANOVA revealed that core temperature and RPE values were significantly higher in the evening compared with the morning (F = 11.9; η 2 p = 0.76; p < 0.01 and F = 17.55; η 2 p = 0.53; p < 0.05, respectively). Likewise, a significant time-of-day effect (F = 48.57; η 2 p = 0.34; p < 0.05) for the TD, VO 2max , and MAS during the YYIRT was observed. In fact, the YYIRT performance (i.e., TD, VO 2max , and MAS) fluctuated with higher values observed at 17:00 h (p < 0.05).
Moreover, the HR peak increased after the YYIRT in the evening (F = 95.9; η 2 p = 0.84; p < 0.05) compared with the morning. The cardiovascular parameters The ANOVA showed a significant point of measurement effect for DBP (F = 17.38; η 2 p = 0.48; p < 0.01) and SBP (F = 34.21; η 2 p = 0.66; p < 0.01) (Table III) . However, no significant effect neither time-of-day nor interaction (time-of-day × points of measurement) was observed for SBP or DBP (p > 0.05).
Post hoc analysis showed that DBP and SBP levels registered presented a significant increase at post-YYIRT compared with baseline at both 07:00 h and 17:00 h.
MDA-TBARS
Concerning MDA (Table III) , the ANOVA revealed a significant time-of-day effect (F = 6.16; η However, no significant interaction (time-of-day × points of measurement) effect (F = 0.21; η 2 p = 0.03; p > 0.05) was observed. The post hoc analysis showed that the MDA levels following the YYIRT presented a significant increase versus baseline at 07:00 h and 17:00 h (p < 0.05). Likewise, MDA concentrations were significantly higher in the evening in comparison with the morning after the YYIRT at rest (p < 0.05). In addition, the variation percentage induced by the YYIRT was significantly higher in the morning (p < 0.05).
Markers of muscle damage
The ANOVA showed a significant point of measurement effect (F = 33.88; η 2 p = 0.80; p < 0.01) for the LDH concentrations, (F = 33.05; η 2 p = 0.5; p < 0.01) for the CK levels, and (F = 1,060.83; η 2 p = 0.76; p < 0.01) for the lactate levels observed after the YYIRT (Table III) . Likewise, a significant time-of-day effect (F = 9.37; η 2 p = 0.37; p < 0.05) and (F = 11.21; η 2 p = 0.61; p < 0.01) was shown for LDH and CK levels, respectively. However, no significant time-of-day effect (F = 0.091; η 2 p = 0.001; p > 0.05) and interaction (time-of-day × points of measurement) for plasma concentrations of lactate, LDH, and CK were observed.
The post hoc analysis revealed that lactate levels, similarly to the LDH and the CK levels presented a significant increase after the YYIRT compared to rest at 07:00 h and 17:00 h (p < 0.05). Moreover, the plasma concentrations of LDH and CK rise in the evening compared with those in the morning (p < 0.05). In addition, the variation percentage induced by the YYIRT was significantly higher in the morning (p < 0.05). Nevertheless, lactate levels did not follow a diurnal variation.
The hormonal responses
The ANOVA revealed a significant increase in the cortisol levels induced by exercise (F = 19.18; η 2 p = 0.69; p < 0.01) and in the TE levels (F = 27.20; η 2 p = 0.78; p < 0.01) (Table III) . Furthermore, statistical analysis showed a significant time-of-day effect (F = 4.96; η 2 p = 0.34; p < 0.05) and (F = 5.90; η 2 p = 0.35; p < 0.05) for the cortisol and TE levels, respectively. However, the interaction (time-of-day × points of measurement) for the concentrations of cortisol (F = 1.29; η Post hoc analysis indicated that the cortisol and TE levels registered presented a significant increase at post-YYIRT compared to rest at 07:00 h and 17:00 h. Likewise, these hormones were higher in the morning than in the evening at rest (p < 0.05). In addition, the percentage of variation of TE levels induced by YYIRT was significantly higher in the evening (p < 0.05). The normalized cortisol response to the exercise (post-YYIRT vs. baseline) was significantly higher in the morning than in the evening (Fig. 3A) .
The biochemical markers
The ANOVA showed that exercise was associated with an increase in the LDL-cholesterol (F = 5.55; η (Table IV) . Moreover, the ANOVA revealed a significant increase in the GLC (F = 13.74; p < 0.01), HDL-cholesterol (F = 107.18; η p < 0.05) was observed. The normalized GLC response to the exercise tended also to be higher in the morning than in the evening (Fig. 3B ).
Discussion
The main purpose of this study was to determine the effect of time-of-day on performance, energy system contribution, and metabolic, hormonal, and oxidative stress responses during YYIRT. The main findings of this study were: (a) a better performance was found in the evening than in the morning with an increased in RPE and HR peak; (b) cortisol and TE levels decreased in the evening and increased after the YYIRT. The GLC levels were lower in the morning and higher in response to YYIRT; (c) biochemical markers, muscle damage markers (i.e., LDH and CK), lipid profile (i.e., HDL, TC, and TG), and MDA levels were higher in the evening and increased after the YYIRT; (d) cardiovascular parameters (i.e., SBP and DBP) increased after the YYIRT. In this study, our data showed that the performance was affected by the time-of-day during YYIRT, with improvement in the evening compared with the morning. Therefore, the diurnal variation of performance was confirmed, but the reason of the varied diurnal performance has remained unclear. Possible explanation may be that this improvement in performance in the evening might be associated with energy system distribution during the YYIRT test (19) , an intermittent cycling exercise (36) , repeated-sprint test (33) , and 5 × 6 s repeated sprint cycling (21) . These results suggest that this improvement in the evening is not caused by the alteration in a unique energy system (i.e., aerobic or anaerobic) (15, 17, 19) . Instead, the enhancement of performance in the evening is due to a concomitant and maintained increase in aerobic and anaerobic contributions throughout the trial (15, 19) . In the future, it would be interesting to investigate the concomitant effect of anaerobic exercise and time-of-day on biochemical markers, hormonal, and oxidative responses. Another explanation can elucidate, that, at least in part, the improvement of the performance is due to the peak of temperature observed generally in the evening with an increase in RPE scores. Furthermore, this raise of performance lead a potent change of the metabolic responses accompanied with an increase in the HR and blood pressure (SBP and DBP). These results are in accordance with previous reports (13, 18, 27) . However, Hammouda et al. (19) concluded that the circadian rhythm of core temperature is not the only cause of diurnal variation of performance. Exercise is also associated with a change in the lipid profile (4) which is an important indicator of cardiovascular health (19) . Our results indicated that LDL, HDL, TC, and TG levels increased significantly during the YYIRT with higher values observed in the evening except for the LDL levels which did not fluctuate with the timeof-day. Therefore, the higher biochemical responses observed in the evening could explain, partially, the greater performance and metabolic demand at this time-of-day. The study of Hammouda et al. (19) indicated that the intensity of YYIRT is sufficient to increase biochemical parameters. Furthermore, this increase in lipid profile reflects the mobilization of purine cycle following this type of exercise. However, the exact mechanisms for this improvement have not been elucidated to date.
Thus, the diurnal variation of hormonal response can explain this improvement in relation with biochemical responses, particularly in trained subjects (35) . In fact, athletes are more vulnerable concerning the alterations of biological parameters related to the biological body clock. As a result, a significant change in hormonal and metabolic responses between the parts of the day (i.e., morning and evening) can explain the improvement of performance observed in this study. In fact, cortisol levels were significantly higher in the morning compared with the evening (3, 21, 30, 31) . This elevated cortisol at 07:00 h caused by the YYIRT is indicative of an increased physiological stress, and it would be expected to elevate plasma GLC (15) . Previous studies showed that the cortisol has an immune-suppressor effect (2, 16) . We hypothesize therefore that elevated GLC concentrations in the morning after the exercise (with a percentage of variation 25.64%) may not create an optimal metabolic milieu to meet the best performance. These findings suggest a possible link between the diurnal variation of metabolic as well as hormonal responses and the related pattern of YYIRT performances. Moreover, TE presents a biorhythmic effect with the highest values in the morning and the lowest in the evening. However, the higher levels of TE induced by YYIRT (15.51% at 17:00 h vs. 6.24% at 07:00 h) play a key role in the gaining of muscle; this is another reason why intermittent exercises should be performed in the evening.
Furthermore, it was demonstrated that physical exercise is characterized by an increase in the volume of oxygen consumed (8, 10) which leads to an increase in ROS production and causes oxidative stress. As a result, our data showed a significant increase in MDA immediately after the YYIRT. The increase is probably caused by the repeated ischemiareperfusion-like state following YYIRT, while the second is dependent on inflammation at the damaged site (1). This study demonstrates that oxidative stress is dependent on the time-of-day in trained subjects. Possible explanation was related to the production of pro-inflammatory cytokines in the skeletal muscle such us the interleukin 6 (IL-6) in response to exercise (1, 28) . Unfortunately, plasma concentrations of IL-6 were not measured in this study.
In addition, Bouzid et al. (8) have demonstrated that there is a increase in lipid peroxidation level following acute exercise due to a higher production of ROS during and/ or following exercise and a positive correlation with markers of muscle damage. Our results illustrate that CK (36.37% at 07:00 h vs. 30.53% at 17:00 h) and LDH (37.17% at 07:00 h vs. 20.7% at 17:00 h) levels induced by the YYIRT are significantly higher in the morning compared with the evening. These markers are essentially indicative of muscle damage which induces micro-lesions (5, 11) in the active muscle and decrease in the performance in the morning (9, 29) . Thus, the increase in CK levels indicates that the athlete is more vulnerable to injury and muscle damage caused by an intense physical activity.
As a consequence, biochemical variables (i.e., CK) and hormonal variables (i.e., TE and cortisol) are used to monitor muscle damage and disturbance in the hypothalamus-pituitaryadrenal and hypothalamus-pituitary-gonadal axis, respectively; all of them being indicators of fatigue accumulation (31) . Thus, CK, TE, and cortisol are potential indicators to be used for monitoring disturbances caused by fatigue accumulation in response to the YYIRT. Therefore, it can be said that intermittent exercise is best to perform in the evening.
The present results show that lactate levels increased significantly after the YYIRT. Previous research has reported similar results and suggested that increased blood lactate concentrations after exercise caused alteration concerning red blood cell deformability and rigidity (15, 20, 24) . In accordance with Fernandes et al. (15) , we have shown that lactate levels were not affected by the time-of-day. However, Racinais et al. (33) and Hammouda et al. (20) have demonstrated that lactate levels are higher in the evening after the exercise; therefore, it seems that athletes are more disposed to inflammation and free radical damage when exercise is done at this time. The conflicting findings may be attributed to the differences in the intensity and duration of exercise and the selected population.
Strengths and limitations
To our knowledge, this is the first study to investigate the diurnal variation effect on plasma levels of hormones and stress-induced oxidative response during intermittent exercise. Moreover, results from the field of diurnal variation of the exercise and it's relation with stress and hormone response may help to guide athletes and contribute to public health recommendations on exercise and muscle damage. Furthermore, results can be monitored by the athlete, the coach, and the supporting staff to better plan training cycles throughout the training season and competition period. In addition, all references used in this study are recent. Likewise, this study has a limited number of participants and we did not use professional trained subjects. Furthermore, a limited number of samples are taken in this study. It is suggested to make a longer follow-up and take samples later after the exercise to examine the diurnal variation of oxidative stress, muscle damage, hormonal and cardiovascular parameters in the recovery period. Future studies should focus upon other markers of oxidative stress (i.e., carbonylated protein, glutathione, total antioxidant status, etc.).
Conclusion
In summary, we conclude that performance was impaired in the morning compared with that in the evening, associated with a patent variation of cardiovascular, hormonal, oxidative response as well as biochemical measures. Morning exercise was performed in a less favorable, hormonal, and metabolic milieu (i.e., elevated TE and cortisol), combined with an exacerbated plasma GLC response to the exercise. Thus, athletes and coaches should take into consideration the metabolic, hormonal, and oxidative alterations in the morning in comparison with the evening, in particular when planning the trainings for the period just before and during the competition. 
